Effects of sweat gland training by daily local heating were examined and its significance in heat acclimatization was evaluated.
Training
by 2-hr immersion of an arm in hot water of 43°C caused distinct augmentation of sweat gland activity in the trained area, with reduction in the degree of hidromeiosis, when tested by an arm bag collection of sweat. Concentrations of sweat electrolytes also showed definite decreases.
The general tendency that Na and Cl concentrations in sweat rise in the course of hidromeiosis was attenuated or even reversed after the training. The sweat test using resistance hygrometry failed to show a marked or consistent increase in sweat rate of the trained area, although an increase was the common case on the dorsum of the hand and the extensor aspect of the forearm. The effect of training appeared in a few days of training, developed progressively with training days and showed a tendency to develop even after 3 weeks of training. The same training in midsummer failed to exert significant effects on sweat gland activity, suggesting that the sweat gland had been naturally trained to a considerable degree by then. On the other hand, training by repeated radiant heating of a local area caused only obscure changes in the activity of sweat glands.
The present results reveal that sweat glands can be trained to be resistant to hidromeiosis in a hot-humid environment and that such peripheral changes appear to play a predominant role in augmentation of sweating capacity in the early stage of heat acclimatization.
It has been generally recognized that the increased sweat response to heat load in association with heat acclimatization is due to both adaptive changes in the central thermoregulatory activity and increased secretory capacity of sweat glands, the latter of which has been considered to play a predominant role (Fox et al., 1964; CHEN and ELIZONDO, 1974) . In our previous study (OGAWA and ASAYAMA, 1978) , it was demonstrated that the potentiation of the secretory capacity of sweat glands precedes the more gradual changes in the activity of the central sudomotor mechanism in the course of experimental heat acclimation. Indeed, local sweat glands can be "trained" readily by daily repetition of various local stimulations, such as hot air blowing to a local area (KUNO, 1956) , hot water immersion of one arm (Fox et al., 1964) , and local administration of a cholinergic agent (COLLINS et al., 1966) . Contrarily, the sweat increment is prevented in the arm kept cool locally during experimental heat acclimation (Fox et al., 1964; CHEN and ELIZONDO, 1974) , but not by local anesthesia by nerve block (CHEN and ELIZONDO, 1974) . On the other hand, CHEN and ELIZONDO (1974) failed to observe a significant change in sweat response at the "trained" area to heat exposure. They maintain that peripheral modification of sweating capacity can occur only during heat acclimation by heat exposure of the whole body.
It should be clarified whether local sweat gland training mimics the peripheral changes associated with natural heat acclimatization. The present study was proposed to investigate the characteristics as well as the extent of the local training on sweat gland activity and to evaluate the role of the local changes in heat acclimatization. Effects of sweat gland training on hidromeiosis were examined with special concern.
METHODS
The subjects were healthy male students, aged 19 to 23. The experimental schedules involving sweat gland training are illustrated in Fig. 1 . The procedure for sweat gland training in most series (Series 1 and 2) largely followed the one employed by Fox et al. (1964) . The left upper extremity distal to just above the elbow was immersed in a stirred hot water bath of 43°C for 2 hr. This training procedure was repeated daily for 15 days in most of the cases and 21 days in a few. The skin temperature of the immersed arm was monitored at the cubital fossa and the dorsum of the hand during the training in a few cases. The thermistor tip was covered with the surrounding thin skin folds and held water-tight with small pieces of surgical tape. The measured value ranged between 40.5 and 41.0°C.
In another series (Series 4), the left forearm and hand corresponding to the trained area in the above series was kept warmed for 2 hr by radiant heat, instead of a hot water bath. The arm was held within the hollow of a specially-designed drum-shaped heater, the power of which was adjusted to keep the temperature of various skin areas of the warmed arm within the range of 40.5 to 42.0°C. The procedure was also repeated for 15 consecutive days.
Environmental thermal condition during training was not strictly set but was temperate with light clothing. The training was done at about the same time every evening convenient to each subject.
No artificial training was imposed on sweat glands in Series 3, where sweat tests were carried out in midsummer. Sweat tests were carried out between 2 and 7 p.m. as scheduled (Fig. 1 ). Two kinds of tests (Tests A and B) were done on separate days, and Test A was done one day prior to the day for Test B.
Test A was done using resistance hygrometry. Local sweat rates during exposure to heat were compared between symmetric areas of bilateral forearms and hands. The subject, wearing only short pants, sat in a climate chamber set at 40°C with r.h. of 40 %. The test started after approximately 1 hr for thermal equilibrium. A plastic capsule covering 15 sq cm of a skin area was ventilated with air of a pre-set low humidity and the outlet humidity change was sensed by a hygrosensitive element whose electric resistance change was recorded on a penwriting oscillograph. Sweat rates on two pairs of symmetric test areas were recorded simultaneously and after some 10 minutes, test areas were switched to two other pairs. The mean sweat rate for each test area was obtained by planimetric measurement of the record, and the left-to-right ratio (L/R ratio) of the mean sweat rate was calculated for each pair of the symmetric test areas.
Test B was done using the arm bag method. The seminude subject assumed a sitting position at the room temperature of 30°C with r.h. of 40 % for approximately 30 min and then immersed both legs into a stirred hot water bath of 43°C. Each of both upper extremities distal to just above the elbow (to be simply called arm) was enclosed in an airtight vinyl bag and the sweat discharged within the bag was drained off through a stoppered outlet at the bottom every 20 min for a period of 120 min.
Concentrations of sodium and potassium in sweat samples collected for each period of 40 min in Test B were determined by a flame photometer (Hitachi 205). Chloride concentrations of the sweat samples were also determined using a chloride meter (Joko Sangyo, C-50). Rectal temperature and skin temperatures of the test areas of the bilateral forearms were measured by thermistor thermometers in some experiments. Most of experiments were carried out between December and May (to be simply called winter), except for a part of Series 2 and 3. in L/R ratio of the mean sweat rate at various symmetric areas are illustrated for each of 9 subjects in Fig. 2A . Although the L/R ratio increased in many areas after the training including all the areas in 5 subjects, it even decreased in some areas of 4 subjects. A consistent effect of the training was noted only in the dorsum of the hand, where the L/R ratio was increased in all of the cases tested. The L/R ratio in the extensor aspect of the forearm increased after the training in most of the cases. Considerable individual variations were noted in regional differences in changes of the L/R ratio. On the other hand, the effect of the local training was evident in Test B. Changes in the L/R ratios of total sweat amount during the 120 min period and of mean electrolyte concentrations in sweat are illustrated in Fig. 2B . Before the training, sweat outlet was more or less greater in the right arm than in the left arm in a majority of the subjects. The effect of right or left handedness on sweating has been investigated in a separate series by our group (MIYAGAWA et al., 1981) , which demonstrated that activities of sweat glands are generally higher in the arm of the dominant side than in the other arm, especially in right-handed individuals. In the present study, all of our subjects were right-handed. After the training of the left arm, sweat response in the left arm exceeded remarkably (Fig.4) .
Series 2: Progress of the increase in sweating activity in the course of sweat gland training This series consisted of winter experiments on 3 subjects and summer tests on 2 of those 3 subjects.
In the winter experiments, daily hot water bath of the left arm was continued for 21 days and Test B was carried out as scheduled (Fig.1B) . Changes in the L/R ratio of total sweat amount during the 120-min test period in the course of the training session are illustrated for each subject in Fig.5A . The training effect on sweat rate was seen in a few days of training and increased with the training days. Even after the 21-day training, the trend appeared to be continuing. The data after the 15th day training are illustrated in Fig.3B for comparison with those of Series 1 (Fig.3A) .
Sweat response in this series were much greater than that in Series 1, even in the untrained right arm. This tendency was likely attributed to the development of heat acclimation to some degree due (SARGENT, 1962) . This phenomenon has been attributed by some investigators (e.g., BULMER and FORWELL, 1956 ) to decreased ductal reabsorptive capacity of sodium concomitant with hidromeiosis. However, it may be more likely to assume that increased intraductal pressure due to ductal stenosis at the orifice interferes with osmosis of water following sodium secretion at the secretory coil. In the present study, concentrations of all the three electrolytes in sweat were reduced after the local training by hot bath while sweat output was increased, and further, the trend to increase in their concentrations during hidromeiosis was reduced, or even reversed in some cases. It has been well recognized that concentrations of sweat salts are reduced by heat acclimatization, as also shown in the present study as their seasonal differences. Those changes in sweat salts are generally attributed to increased capacity of ductal reabsorption of sodium chloride due to increased secretion of aldosterone, and participation of any local factors has been disputed (KuNo, 1956) . However, the present results reveal that local changes in sweat secretory process take a part in modifying concentrations of sweat electrolytes, at least in the presence of hidromeiosis. Exceptionally, little changes were noted in the L/R ratio of [Na+ ] and [Cl-] even after a 21-day training in Series 2, where sweat amount was profuse in the trained arm and this may account for the increase in sweat electrolyte concentrations masking the effect of training to reduce them.
The effect of local training appears to develop readily as was shown in Series 2, where an increase in the L/R ratio of sweat rate was noted as early as within a few days of training. This observation is in accord with the results of our previous study, where evidence was provided that increase in secretory capacity of sweat glands appears in a relatively early stage of experimental heat acclimation (OGAWA and ASAYAMA, 1978) . Furthermore, although cases were limited, the results of Series 2 suggest that local changes in sweat gland activity have progressed considerably in the course of natural heat acclimatization by midsummer. Local training in August failed to cause substantial changes in sweat gland activity.
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